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[The author's presentation in the panel dizoussion of TIJCAI
183{Panel on the Fifth Generation Project) 1s based on this
memorandum, |

The Japanese Fifth Ceneration Computer Sysiems Project, or FGCS
project as we call it, is aimed at rescarching and developing the
basic technolopies deemed necessary to build conputer systens
equipped with knowledge information processing capabilities of
the type expected to come inte widespread use during and beyond
the 1990%'s. These technelogies will be put to good use in the
ereation of various kinds of practieal knowledge information
processing computer systems, which should acecount for a major
shzre of the computer market in future.

This project itself, however, 1is mnot aimed at developing
computer =ystems for commercial purposes. Fzther, the objective
iz to build prototypes of knowledpge informetien processing
systems, or KIPS, which will be bazed on the research and
development of technologies basic teo those systems. All patents
taken out on technolopies developed through this preject will
hecome the property of the Japancse Ccoverment, but their
utilization will be as widespread as possible. When it comes to
the commereislization of these technologics, it is felt that this
should be handled by individual companies as they see fit,
without the partieipation or finzncial or other support aof the
Japanese Government. Therflore, should Japanese companies fail to
capitalize on the fruits of this project, instead allowing Lhem
to fall into the hands of giants in the industry such as IBM, for
example, then we will more then likely witness the emergence of
zn even bigger snd more powerful IBM, Jepanese ecompeniez aren't
that blind toc realities, however. Although there werc £ numbrer
of controversies and sarccs of disagreement wWith Japanese
companies during the initial stages of Lhis project, at present
they fully support the =zimz of the project and have proven
instrumental in promoting its progress,

Tt should also be pointed out, that the Japanese FGCS project
is desipned to carry ocut only & portion of the overall resezrch
and development work invelved in ercering the new soflwere end
hardware technelegies deemed necesszry for the realization of
knowledge information processing systems. In prder  to develop
all the technologies that will be required for these computer
systems of the future, a number of other netionzl projects are
essepntial . Some of these other projects got underway about the
same time as the FGCS project and are still in  progress, while
others heve elready been completed. For example, R&D into
appropriate communications networks to link together the advaneed
conputer systems being cnvisioned for the future is to commence
next year with the testing of the Informztion Network Systcoo
project, abbreviated INS, which is being cepried oul priparily by
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the Kippon Telegrzph and Telephone PFublic Corporztion, better
known internationally as HTT. Tnen there 1is also the
Super-Computer{High-3peed Computing Eystem for Scientific &nd
Technologicel Use) Project thet got sterted beck inm 1981, and
which is designed to develeop an ultre-kigh-speced computer for
scientific and technologicsl computations, plus the new
high~speed Josephson Junction eand OCals deviees Lhat will be
essential feor achieving the desired computing speeds. As for
pattern information processing, VIED and software engineering, a
number of project= devoted towards these ends have been completed
within the peat few yesrs, providing our FGCS project with
various developments vital to its progress.

Mext, I would like to give you & brief description of the
specific objectives, spprozches and current status of  the
Japanese FGCS project.

I will begin by cutlining some of the more specific objectives
we hope to zttain via this project.

One of the principal gosls of oul project is to develop naturgl
man=-machine interface systems. The human interface should enable
fifth generation computer systems to recognize and understand
apeech and natural language inputs. Image understanding
functions will also be built into the human interface to enable
data in the form of sophisticated images and graphics to be input
and output as well. when operators aré able %to interface with
their computers in & conversational mode, then the human
interface will have become much richer znd more efficient. Onoe
thisz hes become =z rezlity, we will have tazken a quantum leap
towards processing the "semanties" ol data, something symbolized
by the term "understanding."™

The basic functionz envisioned for §ifth generation computer
systems will center zround & knowledpe base function, & broad,
comprehenzive knowledge base will be constructed from  knowledpe
selected from & verdiety of fields. & dietionary for the naturel
language processing, an  algorithm  bank fer the intellipent
programming systen, hardware specifications for nzintenznoo
purposes and evenl the contents of various user's manuals will =211
pbe made 1into knovledge basez. By so doing, the compuler system
will be papable of utilizing appropriste knowledre beses to solve
problems in response to various inguiries put to it by users, In
other words, [ifth generation computer systems will provide users
with inference znd problem-sclving functiops.

To achieve this, the concepts of programs and data or databases
wwill heve to be integreted into the brosder concept of knowledre
and knowledpe bases. In other words, wkat has functioned¢ in
conventional computers a5 & dstabzse will be upgrzded to the
level of & knowledpe base for fifth generation computers. By
incorporating various, more  powerrul  knouledge bases  into
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inference and problem-solving systems, wWe should be &ble to
realize the kinds of intelligent functions users require, OF
course, this doesn't mean that such an advanced system will be
rezlized by [ifth generation conputer systems all at once, but
they should prove a big step in that direction.

The Japanese FGCS project also hes as oné of its goals the
btreaking of new ground in the area of practiczl systems for
specification and verificetion funatiens fer programming systens
and languapes. An sutomatic program synthesis system should also
be capable of being achieved. At that time, all knowledge
goncerning programmed object domains, programming langusges,
program construction methods and previously prepared progren
packages will be provided as knowledpe bases. The intellipent
programming system  will possess  advanced inference  and
problem-solving funetions which will manipulate the knowledge
contained in these knowledpe bases fo guide the wuser during
programming. The intelligent programming system should become &
typicel appliecations system in fifth generztion compubters.

The progremming languzge will be =an advanced, non-procedural
language based on iogie-programming. This will malte it possible
to express progrems in the form of knowledge, We have labclled
this programming language the Kernel lLanguage for two specific
reasons. First is that it iz & language that will stipulate the
architecture znd hardware interfaces of fifth generation computer
systems., Second, it will be capable of being inplemented in
acmmon  with richer end-user lanpguages, and will be a "semantics"
represcntation language. This rernel Lznguapge will literzlly be
the "kernel®™ or T"ecore® of Japanese [ifth peneretion computer
systems, and will differ gqualitatively from  other langusges in
evistence todoy, including Ada, which tend o converge with
FOETHAN, COBOL, ALGOL and PL/T.

fur pozls concerning computer crehitecture will be besed on the
thinking surrounding reduction machipes znd data flow machines,
apd will be built wupon the concept of a highly perallel
processing  architecture, This will enable {ifth generztion
computer systems tLo operete on the basis of parsllel processing
as compared to the seguentiazl processing of conventional
computerz. Then, a high-level language machine architeccture and
databasc machine architecture will be built en this parallel
processing architeclure to support the Kernel Language. Maximum
use will be made af VLSI technology to reslizc these
arohitectures, The basic unit modules that will be needed  to
construet the optimum systems in varicus utilizmatien forms, from
small-seale systems to large-scele systems, will also be realized
using these architecture technologles.

Tt will alsoc be necessary to develop various applocation
systems 4in addition to the chove dasepibed function=. The most
representative of tho besie zpplicatlon systems sought to be
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developed through the Japanese FGCS project are an expert system,
intellipent progranming system nachine translation system and
VL3I-CAD soystem. The development of basic spplication systens
such z& these should demonstrate the overall furnections of fifth
generation computer systens,

L number of prolotype svstems arc to be constructed during the
course of Japanese FGCS  project. These will rot be zimed at
achieving special ecomputers possessing only certain szpeeific
funetiens, but rather zre intended to develop new generztion
genepal=purpoze copputers worthy of being called fifth generation
machines. The purpose of research into artificial intellipence
is tec shed light on human intellectuzl funeticonz and develop a
ugefull system capable of supperting end expanding these human
intellectuzl funetions, We are convineed that it is the
objectivez laid down for artificial intellipence research that
Will give direction to zll other future work in  the field ol
infermaticn preoceszing technology.

Fext, T would like to touch on the kinds of approaches we &are
employing in the course of our resesrch and development work.

To reiterate, our goal is Lo reslize a computer capable ol
processing knowledge. Eowever, we deon't intend to limit this
knowledge toc 2 certain field, but rather zre bent on realizing
intelligent functions that cover & fairly wide range of fields.
Az gny AT rescarcher knows, limiting the Tfields of knowledge
covered by a oconputer will irerease its cepebilities, while
broadening the scope of that knowledge will reduce then. And
trying to cover tco wide 2 range of knowledge can all but
eliminate & computer's intellectusl abilities. £11 researchers
have & pretty fair gresp of the depth and breadth of human
intelligence. This being the ca&se, then, Just what type of
intellectual functionz are the meombers of the Japanese FCCS
project  considering fer incorpersztion dinte fifth peneraztion
computer systems, and how are we planrning to introduce these
functions into the computer?

e have decided on two brozd zpprozches, one being the
"Top=Down" zpproach, and the cther the "Bottom-Up" approach. The
"Top-Down™ approach will be employed to advence our understanding
of intellipence, more specificelly, knowledpge processing
functions. Enowledpe can be breosdly divided into specialized and
generegl knowledge., In the aree of specielized knowledpe, we will
be protofyping and testing expert systems for wvarious suitable
fields., When it comes te generelized knowledpe, however, we will
be focusing on elucideating symboliellancuape) knowledre. Af'ter
211, symbolization dteell 4= at the root of dintellectuzl
functions. Ar understanding of symbeolic knowledpe oan be
avhieved by s=shedding light on the langusge processing &nd
vnderstanding mechanisms used by we humans tc express our ideas.
The languages we intend to use will consist of naturzl lanpuage
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which i=s capable of expressing everyday common human knowledge, a
mathematical languege czpable of exprezsing logiczl and algebraie
knowledge and @ programming language to  express the knrowledge
contained in progrems &nd databeses.

The "Bottom=Up" approsch will enploy logic  programming
represented in PROLOC as the first approximation Lo the knowledpe
information processing system. PROLOC is written in 2 primitive
form, and as such includes, or can be made to include all the
basiec functions necessary for knowledge processing. I will
attempt to explain here Jjust why this is felt te be possible.
First of all, PROLOGC possesses an extremely naturzl parsdigm. It
ean therefere be mede to incorporate 2ll of the gqualities of
existing progremming languages that deserve to be carried over
znd continued. The PROLOG languape 2lso possesses & simple,
well-arranged structure. Secondly, PROLOG has zan advanced
symbolic processing function. Lnowledge processing is ecarried
out on the bazsis of symbol menipulations, and PROLOG has an
sdvanced  symbol manipulating function which makes use of
unification. Thirdly, PROLOG possesses a sophisticated databese
funection. Data retrieval and procedure calling are incorporated
into = single meechanism. The uniformity of data and programs
like this 4is the first step toward the realization of knowledge
bases from detazbases. Fourthly, PROLOG posscsses an  inference

function. In other words, it possesses 2 function that enables
it to execute & program while making appropriate selections from
among & nupber of possibilities. Mormally, this function is

realized by mesns of a top-down, depth-first mechamism. Fifthly,
PROLOG enables the construction of an effective processing systeo
ar machine. As evidenced by the PROLOS systems developed by
Edinburgh University, PROLOG enables processing systems to be put
together that are capable of standing up lo use even on ordinsry
conputers. Therfera, if a PROLOC machine posseszsing the
appropriate architecture can be developed, we cen puarantee 1Ls
prectiocality.

Tt is for these reasons that ICOT is pursuing its "EBottom-Up"
resezrch approcch  using PROLOG  te prototype and test numerous
expert systems, to test naturel lanpuepe and other wunderstanding
mechanisss &nd to extrect commen mechamisms thel will beccome the
bases lor knowledge processing, while &l the same tine raising
the capabilities of PROLOC itsell to still higher levels.

Up te thie point, I heve atfempted to outline the R&D approach
for s=oftware sbove the tarpeited Hernel Languzge level. Hext, I
would like to zttempt to deseribe our plans for the szrehitecture
below the Kernel Language level,

The architecture for the FCCS project iz beinp researched  from
the stapdpoint of & PROLOG mechine capeble of the high-zpeed
processing of larpe volumes of deta, or in this czse knowledge.
Twe zpprozches are being wtilized o achileve thiis poal. The
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first involves coming up with ideass for teotally new processing
mechanisms, and the subsequent prototyping ané testing of
mechines besed on these ideas. The second approach calles for
mzking improvements to alrezdy existing mechanisms, designing and
building mechines cepeble of withstending the utilization demands
that will be placed on them by fifth gemeration computer systems.

The first appreosch inveolves resezpch inte highly parzllel
PROLOG  processing mechanisms based on reduction, data flow and
various other methods, followed by the construction of simulators
and the prototypine of basic modules. PROLOG, with its
non-determinancy, possesses supericr parellelism and parallel
processineg  description cspabilities, as is clearly shown with
Shapire's Cencurrent PROLOG and Clark™s PARLOG. Our research in
this area is proceeding along under the name "Parzllel Inference
Hachine, "

The second approoch is siped zi  develeoping sdvanced personal
machines and database machines. The personzl machine is actuzlly
2 PROLOC machine that correspondsz tc & Lisp machine. By means of
constructing this machine, we should be able to discover and
prove 2 number of new facts concerning scoftware, languages and
architecture in peneral. The development of this machine, of
which I am the individuzl directly in charge, iz proceeding under
the name "Seguentizl Inference Machine." At thls point in our
work, we have glready compleled the detailed design of the
programming and operzting svstems, and have connenced
constructing the herdware. This machine will be used 28 2z tool
in the research and development work to be undertaken during the
intermediate stape of the project., And of course, icprovenent
gnd expansion of the mechine itsclf will be cezrried out in
parallel teo its role a5 an R&D tool. We are planning te  produce
quite & large nuober of Seguenliol Inference lachines at the
start of the internmediate stage of the project and connect them
together wvia & network =sSo thet leading resesrchers located in
various parte of Japan will be able to perticipete in the project
from their remote locatiens. If we then extend this network
internationzlly, we would further increase the number  of
loeztions from whiech joini resezrch zctivities could be carried
out,

I should also bricefly cxplain Lhe edvanced datebese mechine.
First, PROLOG will have to be linked together with felational
Databzse. We zre venturing forth on a2 new line of development in
thiz area wunder the nzme "Logie Detabesc.™ The relational
detabzse machinel( BDEN) is an example of a suecessful
non=von=Heumann type machine, as well as 2z parallel processing
machine for large veolumes of relationzl data. Ve zare currently
engapged in the developrment of &n edvenced RDBM as the first step
in the reslization of 2 knowledpe bese machine. This  HEDBH  will
wlsc be utilized a3 a A&D tool once we enter the intermediate
stage of the FCCE project, Ve intend tc expand this machines
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cepabilities and develop it pyntil it rezches knowledpe base
proportions.

This completes my brief deseription of the approaches being
utilized in the cerrving out of our R&D sctivities for the FGCS
project, and the current status of thet project. Let me finish
my telk by touching on a few pointe concerning the R&D systen
being employed in this project.

The FGCS project is comprised of numerous revelutionary thenes,
and reguires the participation of large numbers of leading
researchers from = variety of computer-related [lelds. However,
there simply aren't encugh of these kinds of researchers in
Japan. There are also other considerztions peculiar to Japan
which prevent our project from cbitaiping the kinds of cooperztion
we need from university reszearchers din particular, We are
striving tec improve the FR&D system in Japan from a nunber of
standpoints, but a revolutlionary project such asz the FGCE project
calls for & revolutionary R&D system.
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